Abstract. Partner selection is gradually recognized as an essential factor in gaining success in a cooperative settings. In this paper, a novel approach based on fuzzy AHP group decision-making for partner selection of joint venture projects is proposed. In this approach, rst, the in uential factors for selection of appropriate partners based on literature review and interviews with experts are identi ed. Then, using a method considering the risk, knowledge, and educational background of decision-makers, the impact of decision-makers is calculated. Pairwise comparison matrices are performed, and the weights of criteria are calculated based on two methods (multiplicative and additive). Then, the calculated weights of criteria and the potential partners have been ranked via an e cient ranking index. Finally, the application of this methodology to a real case study in National Iranian Petrochemical Company (NPC) is conducted. The contribution of this study is developing a fresh systematic approach for partner selection of international joint ventures and application in a real-life case study to present an operational guideline to the petrochemical industries. The results of this study reveal that the equipment of the partner, its nancial capacity, trusts and management skills are the most important criteria for establishing the durable partners in the international joint venture of NPC.
Introduction
Companies are continually motivated to gain access to new markets and new supply sources, capitalize on technology, use assets better, and become more pro table. Establishing joint ventures and strategic alliances are commonly used by companies to exploit numerous advantages, such as increased leverage, risk sharing, opportunities for growth, and greater responsiveness [1] . The international joint venture is a major arrangement of business and is extensively used by multinational corporations. The establishment of international joint ventures constructs mutual synergy. Partners from developing countries bene t from the technological know-how, management skills, and investment provided by the overseas partners. Moreover, multinational corporations could bene t from the host countries' business context and local companies to moderate risks and augment returns [2, 3] . Partner selection is one of the essential decisions that a company makes after selecting the joint venture as an entry mode [4] . Considering growing standing of joint ventures as an internationalization mode, studying partnering strategies and in uential factors in the performance of these ventures is critical [5] . Few studies addressed a systematic approach for partner selection of joint ventures. Aydogan and Koksal [6] proposed an Analytical Network Process to assess the priorities of the determined risk factors in partner selection for international construction joint ventures. Hajidimitriou and Georgiou [7] demonstrated the goal programming approach to evaluating potential candidates and selection of the optimal partner for international joint ventures. In the real business situation, many components involved in partner selection are intangible in nature. Thus, they are challenging to measure quantitatively. Essentially, when measuring what is considered as an intangible parameter, most experts o er linguistic evaluations instead of precise numerical values to indicate their views [8, 9] . Moreover, there are di erent experts involved in the decision-making process. Hence, there is a gap in literature to develop a systematic approach for partner selection of international joint venture considering the uncertainties of the parameters and di erent expertise involved in a decision-making procedure. In this paper, partner selection is molded using Fuzzy AHP group decision-making. The purpose of the analysis is to o er guiding principles to decision-makers to generate and sustain a valuable balance among partner selection in uential factors. The core advantage of fuzzy AHP method is the comparative simplicity of handling multiple criteria [10, 11] . Furthermore, it provides a systematic tool for computing weights of criteria through pairwise comparisons [12, 13] . Currently, the National Petrochemical Company (NPC) is the second main producer and exporter of petrochemicals in the Middle East. Establishment joint venture in petrochemical facilities and service companies with right foreign companies is considered as policy and qualitative objective for this company to lead to stability and sustainable development (NPC website [14] ). Moreover, it can be seen as a tool needed to achieve competitive advantages to attain political and commercial objectives. In this regard, selection of the appropriate partner or partners is a crucial challenge for NPC. The proposed methodology allows the comparison of potential partners in the perspective of NPC to provide long-term and sustainable outcomes of collaboration. The organization of this paper is as follows. First, the literature of international joint ventures and the partner selection methods are studied. Then, the Fuzzy group multi-criteria decision-making approach for JVs partner selection is introduced. Then, the application of the proposed method in a real case study (NPC JVs partner selection) is provided.
International joint venture and performance measurement factors
The classic dentition of Joint Venture (JV) based on OECD (Organisation for Economic Cooperation and Development) is the joint operation of two or more rms in order of the following areas: buying or selling, development or production operation, research, and development or engineering, and construction [15] . The literature of JVs consists of theoretical basis and performance measurement. In Table 1 , we provide the main areas of theoretical directions and the performance measurement literate. According to Child and Yan [16] , the performance of international joint ventures carries on being a challenging issue both for practitioners and researchers. According to Demirbag and Mirza [17] , there is not a uni ed theory for performance measurement of the international joint ventures, but the literature of success factors of these corporations could enlighten the framework of the performance measurement elements. Measuring JV performance should be studied with outstanding attention, considering the objectives of forming the venture [18] . For example, according to Beamish & Delios [19] , if the JV is established for technology transfer, the performance should be measured based on this objective; however, the e ciency of this collaboration may be poor in the other areas like survival or duration. Hence, in this study, in order to achieve an e cient basis for partner selection of IJVs, in addition to the framework provided by literate, we derived the model elements from interviewing and discussing with the industrial experts while bearing in mind the objectives of the JVs in the relevant industrial context.
Fuzzy decision-making approach in partner selection
According to Bellman and Zadeh [51] , much of decisionmaking in a real world situation is in the situations in which the goals, constraints, or the possible actions are not known precisely. They di erentiate between randomness and fuzziness. Based on these authors, fuzziness needs to address the classes in which there may be grades of intermediate membership between full membership and non-membership. This approach used widely in recent literature considering the capability of fuzzy set theory in decision-making with uncertainties. Multi-criteria decision-making has been extensively taken into account considering the in uence of di erent attributes in partner selection literature. Moreover, with respect to the subjective nature of qualitative factors or vagueness in decision maker's preferences, the fuzzy approach is an appropriate tool for dealing with such problems. Ding and Liang [52] used fuzzy multiple criteria decision-making in partner selection of strategic shipping alliances. They applied graded mean integration and the entropy weighting method for computing integrated weights and ideal and anti-ideal solutions for alternative priority ranking. Ding [53] proposed fuzzy MCDM in order to select an appropri- [49, 50] In uence of a host country Government's policies Legal structure Market structure ate strategic partner for container shipping company. Liou et al. [54] developed a methodology based on the joint application of ANP and fuzzy set theory in order to select a suitable strategic alliance in the airline industry. Ma and Wang [55] introduced a multiattribute group decision-making method for partner selection of logistics alliances. Yong [56] also developed an AHP structure with DEA for partner selection of strategic alliances. We have collected several studies in recent years which addressed partner selection with the fuzzy approach ( Table 2 ). Fuzzy AHP (e.g. [57, 58] ), Fuzzy ANP (e.g. [59] ), and Fuzzy-QFD (e.g. [60] ) are the main approaches used in these works. The majority of the works focused on the supplier selection subject and the number of applications in the real case study are few. Considering the partner selection in international joint ventures in a case study application, this study tries to ll this gap in the literature. 4 . Fuzzy AHP group decision-making approach for IJVs partner selection
In this section, we proposed a novel methodology with a combination of di erent approaches for partner selection of IJVs.
4.1.
Step 1: Establishing expert panel for group decision making and evaluation of the weight of experts
For the group decision-making, we need a panel of experts, specialists, or authorities. Hence, it is essential to select the appropriate people in the panel in order to resolve the problem. Considering the multidisciplinary nature of the IJVs, participation of the experts from di erent elds is crucial. In some group decisionmaking problems, the weight of decision-makers is not equal. Based on their quali cations or other behavioral characteristics in a decision-making, they may contribute inequitably to the decision-making process. Hence, we need an approach for determining the weight of decision-makers. There exist some di erent approaches in the literature which address the determination of the decision-maker's weight in group decision-making. Bodily [73] developed a direct method for determining the DMs' weights through the designation of voting weights by each DM to a delegation subcommittee made up of other DMs of the group ( [74] , p. 456). Yue [75] presented a method for computing the DMs weights based on TOPSIS method. In this approach, the positive ideal solution is determined based on the average of a group decision. The negative ideal solution has two parts which are the minimum and maximum matrices of a group decision.
Yue [76] also proposed a method based on Euclidean distances between the individual decision and ideal decisions which are the average of individual decisions. Based on the format of the panel in this study, we need an approach in order to consider the quali cation of decision-makers as well as their risk-bearing attitudes. In order to calculate the weight of the decision-maker, Eq. (1), the level of knowledge and experience of decision-makers, Eq. (2), should be taken into account. Then, the nal weight is obtained from the index of the risk-bearing attitude which is assigned by the head of the panel. Usually, the head of the panel is the top manager who is in charge of the IJV establishing procedure.
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In addition, it should be noted that we assume Eqs. (3) and (4) to be as follows:
Establishing a panel of decision-makers involves de ning an appropriate structure to cover the complexity of IJVs partner selection in the di erent areas of expertise. The essential appraisal data includes the crucial factors in partner selection procedure. Moreover, a suitable comparison scale must also be selected. These data must be precisely gathered to guarantee the reliability of the proposed model.
Step 2: De ning criteria and building AHP model
According to Subramanian and Ramanathan [77] , a multi-criteria decision-making is utilized in di erent decision areas: operation strategy, product and process design, planning and scheduling resources, project management, and supply chain. The main objective of the MCDM method is selection of the most preferred alternative for decision-makers involved in the problem. According to this reference, The Analytic Hierarchy Process (AHP) proposed by Saaty [12] is very popular and has been applied in a wide variety of areas. The AHP methodology steps are illustrated in Figure 1 (see [78] for more details). Our proposed model is designed based on AHP structure, but a fuzzy extension was used to compare the IJVs partners. In the real decision circumstances, the decision-makers are usually uncertain about their preferences. Moreover, sometimes the information is imperfect which leads to the subjective preferences. In this situation, the fuzzy AHP can aid decision-makers to express their opinions quantitatively. The problem is decomposed based on its main elements. The overall goal is to nd the best joint venture partner. The rst layer represents the important decision factors that a ect the partner selection; the second layer indicates the signi cant subfactors of the rst layer; and the last layer denotes the alternate choices of the partners.
4.3.
Step 3: De ning the relative strengths of criteria and alternatives based on LR fuzzy number, and constructing pair-wise comparison matrices
The degree of relative importance among elements is usually measured based on the scores assigned by decision-makers. After construction of the AHP model, the experts must ll the judgment matrix accurately. This phase involves pair-wise comparisons on the decision factors at the same level and using a proper scale to present the relative degree of importance. Usually, decision-makers use di erent illustration setups to show their references. Preference ordering, utility function, fuzzy preference relations, multiplicative preference, and additive relations are di erent numerical preference structures used in group of decision-making literature [74] . In order to obtain the more exact result in this study, we used two methods (multiplicative and additive relations) and compared the results of NPC IJV partner selection based on both of them. Xu [74] developed an approach to group decisionmaking problems with di erent representation formats of linguistic preference relations (additive linguistic preference relations and traditional multiplicative linguistic preference relations). We used the rst part of this method for evaluation of the decision-maker's response to the aggregation of the decision-maker's answers to a collective linguistic preference in the calculation of fuzzy matrix. A linguistic additive label set, set (5), and multiplicative, additive linguistic label set, set (6) can be de ned as follows: n m n = fn m n jn = l; ; lg ; l 2 Z + ;
n a n = n a n jn = 1 l ; ; l ; l 2 Z + :
Therefore, for additive linguistic label set for each decision-maker, n = 1; ; z, the relative importance of the ith element over the jth element, n a ij n , in a level is de ned as follows:
N a n = 
where:
n a ij n = n a ik n n a kj n + 0:5; 8i; j; k = 1; ; n; (8) 0 n a ijn 1; n a ijn + n a jin = 1; n a iin = 0:5; 8i; j = 1; ; n;
n a ij n =0:5(w i n w j n +1); 8i; j = 1; ; n: (10) w i and w j are the weights of elements i and j, respectively.
In addition to multiplicative linguistic label set for each decision-maker, n = 1; ; z, the relative importance of the ith element over the jth element in a level, n m ijn , is addressed as follows:
where the following rules and equations will be satis ed in each decision-maker's matrix:
n m ij n = n m ik n :n m kj n ; 8i; j; k = 1; ; n;
n m ij n > 0; n m ij n = 1 n m jin ; n m ii n = 1; 8i; j = 1; ; n:
Now, we transfer each collective format, N a and N m , to a fuzzy which illustratesÑ a andÑ m ; thus, for example, the pairwise comparison matrices additive will be: 
For a panel of decision-makers consisting of n experts, there are n matrices of judgment which need to be aggregated. According to the method proposed by Xu [74] In comparison with other fuzzy number types, LR fuzzy numbers are proposed by Dubois and Prade [79] for obtaining fast computational procedures for fuzzy number operation [80] . The de nition of LR fuzzy number and basic operations is described in this section.
We de neÑ ij as a LR fuzzy number which is de ned as follows:
where m is the mean value ofÑ(x) and and are left and right spreads, correspondingly.
For two LR fuzzy numbers A = (a; ; ) LR and B = (b; ; ) LR , the addition, subtraction, multiplication, division, and inverse operation are de ned, respectively, by Eqs. (18) to (23) 
> : (27-1)
Fuzzy sets aid decision-makers to handle the uncertainty of human's judgment [81] . Multi-Criteria Decision-Making is also used to attain the global ranking of potential partners and select a suitable partner considering the di erent criteria. Hence, fuzzy AHP method brings the most advantages for obtaining a reliable solution for this decision problem.
It should be noted that we supposed L(x) = R(x) = maxf0; 1 xg. Hence, for example, the fuzzy number, f 0:5, in additive format is f(m; ; ) LR = (0:5; 0:0275; 0:0275)g; see Table 4 for more details.
Step 4: Evaluating fuzzy eigenvalue and normalization
In order to indicate the relative degree of importance between decision criteria, the priority weight vector was calculated using an eigenvalue method. The main eigenvector could be computed and converted to the priority weight vector once normalized. The Consistency Index (CI) and Consistency Ratio (CR) should be calculated based on Saaty [12] to evaluate the consistency judgment for each comparison matrix and AHP model. The formula for obtaining the eigenvector is Eq. (28):
where N is the judgment matrix and max is the principle eigenvalue of N as follows:
where we de ne Eqs. (30) and (31) If the fuzzy positive reciprocal matrix is not consistent, we need to review the estimates of the ratios in order to improve the estimation of the fuzzy weights. The interval of preference relation and fuzzy judgment matrix needs to be normalized. Wang and Elang [83] proposed the normalization methods for interval and fuzzy weights which modi ed the defective of the other normalization methods based on interval and fuzzy arithmetics. For a set of fuzzy weights which are independent and need to be summed to one, the normalization can be obtained via Eqs. (35) and (36):
It should be noted that for an LR fuzzy number with 
where S is the support set for these fuzzy numbers. We need to calculate the left and right deviation degrees based on Eqs. (41) and (42):
and:
where a i is the abscissa of the crossover point of A L i (x) and A min (x), and b i is that of A max (x) and A R i (x), i = 1; 2; ; n. For a LR fuzzy, its expectation value of centroid is de ned as follows:
After this step, the relative closeness coe cient should be de ned as follows:
where the greater d i is, the greater the respective fuzzy number, A i , will be. Then, the transfer coe cient is computed as follows:
where M max = maxfM 1 ; M 2 ; ; M n g, M min = minfM 1 ; M 2 ; ; M n g, and M max 6 = M min . The ranking index will be calculated as follows: 
5. Application to a real case study
The proposed methodology is applied to NPC in order to select the IJV partner. In this section, a brief description of NPC and its policy for international business activities are described. Then, our introduced method for partner selection is illustrated, and the results are discussed. Finally, the implication of this methodology for NPC is enlightened.
National Iranian petrochemical company and IJVs agreements
According to Khoshrou [85] , Iran, with 9% of the world's crude oil and 18% of its gas reserves, has a strategic position in the Middle East. The Iranian government makes every e ort to diverge from an economy based on oil exports. Hence, the development of the petrochemical industry has been selected as its highest national priorities. Large quantities of ethane from natural gas sustain ethylene production at low cost. This opportunity, as well as the use of large ethane crackers and low production costs, together with the competitive advantages for NPC would be achievable. This reference pointed out that the production cost of ethylene is about 0.6 time in the Middle East in comparison to the USA. NPC in its long-term vision needs nancial resources for new petrochemical projects in order to maximize local participation and maintain its competitive advantage in the Middle East. Petrochemical Investment Bank, Islamic Development Bank, Iranian banks, Bonds, prioritization, and establishment of IJVs are solutions for raising the funding for new projects. IJVs, with knowledge and technology, are also transferring aid for NPC to achieve the rst place in the Middle East in terms of production value and create high value-added petrochemical products and hydrocarbons resources of the country. With this strategy, not only more added value products are created, but also the domestic market would be developed. The selection of appropriate partner for establishing joint ventures is a strategic decision for NPC. The political relations between the countries, the institutional frameworks, market structure, and the other micro and macro factors should be considered. Moreover, a lot of sources of uncertainties in the decision-making process with the sparse information are added to the complexity of the problem. Developing a systematic approach to decision-making in such a complex situation can aid top managers to facilitate decision-making and alleviate the uncertainties [78] . The conceptual framework for establishing IJVs for NPCs, including the drivers, the problem context, and long-term bene ts, is illustrated in Figure 3 .
De ning criteria and building the model
Based on the group of experts' attitudes in addition to the literature and the results of previous works, this paper chooses human resources, equipment, facility, nance, technology, experience, management, regulation, and trust (as nine strategic issues) as the rst level of criteria for joint venture partner selection in the petrochemical industry. Each criterion entails a number of detailed metrics, which are also recognized in this step. The data collection procedure consists of distributing a set of the questionnaire through interviewing the professional of the industries who are directly involved in joint venture agreement procedure and researchers who are major in strategic management and international business. The industrial expertise includes two bachelors of chemical engineering, master of accounting and law, and three PhDs in management eld. The weight of decision-makers is illustrated in Table 3 . In this study, based on the head of panel opinion, we assumed that k = 0:4, l = 0:6, f = 0:8 and h = 0:2. The nal weights in Table 3 have been normalized to sum 1. The criteria and sub-criteria were constructed based upon the panels' opinions on each element. The AHP model contains the global goal, criteria, sub-criteria, and the decision alternatives. Figure 4 illustrates the proposed model based on expert interview and literature review.
Performing pairwise comparison
When AHP model is built, prioritization process starts from level 2 and continues to levels 3 and 4 to nd the relative importance of the factors in each level. A total of 6 experts involved in the panel expressed their experiences. Two multiplicative and additive questionnaires were used to collect their opinions as pairwise comparisons for models elements. By Xu [74] method, the collective and aggregated relative preference was performed. To apply AHP method for achieving weights of criteria, decision-makers use the linguistic variables shown in Table 4 to perform pairwise comparisons between criteria. We de ned a broad range to give maximum exibility to policymakers in judgment. However, this range increased the complexity of matrix computations. If the judgments matrix of the experts were inconsistent, we would request them to replicate the comparison until the consistency index is less than 0.1. We used Matlab R2014a to nd fuzzy eigenvalues and eigenvector. Next, we combined the priorities of the whole hierarchy to nd the global importance weights and perform the ranking. The S set based on Xu [74] method in additive format, S a , and multiplicative, S m , are de ned in Table 4 .
Results and alternative ranking
The ranked aggregated rate of criteria and sub-criteria (in levels 2 and 3) of the hierarchy I additive and multiplicative format is shown in Tables 5 and 6 , respectively. Each decision-maker forms the fuzzy decision matrix in which each alternative is evaluated with respect to each criterion. Through integrating the nal weights of the introduced model and their ranking, the nal scores of potential partners A, B, and C are 0.0004, 0.0016, and 0.0023 in additive format and 0.0014, 0.0032, 0.0056 in multiplicative format, respectively. The result points out that Company C should be selected. The consistency ratio of the whole system in the additive and the multiplicative cases is 0.09 and 0.03, respectively. It should be noted that the results of two methods are consistent and have led to the similar results of the alternatives ranking. However, as the additive model is easier for decisionmaker, it is recommended as a convenient method for the partner selection. The outcomes of the study of Choo and Wedley [86] also con rm the e ciency of additive model for easier application for decisionmakers. The authors examined the advantages and limitations of the additive and multiplicative aggregation rules and emphasized that in additive model, questioning procedures are better understood by the decision-makers in practice. 
Managerial and industrial implications
Establishing a systematic way for selecting joint venture partners is an essential deliverable outcome of this study for NPC. The interviewed experts indicated that the structure of the model helped them to evaluate di erent perspectives of the problem. Moreover, they said that the current method of selecting the partner is carried out based on subjective judgments and through several managerial and professional meetings. However, the hierarchical structure developed in this study is a valuable tool to evaluate the potential partners more precisely and equitably. The head of the panel believed that this study is practical and highly recommended to be applied in the future joint venture partner selection procedure. The structure of the decision-making panel re ects the multidisciplinary nature of the problem. In this study, six industrial experts, scholars, and managers are involved in the process. Considering a panel with more experts can decrease the assignment of the current panel and may increase the accuracy of the results. The equipment of the partner, its nancial capacity, trusts, and management skills are the most important criteria for establishing the durable partners in the international joint venture of NPC. As mentioned before, the need for nancial resources is the main objective of NPC for launching joint venture agreements. Moreover, the management skill can be considered as an essential facilitator for performing the subject of the contract. Hence, this result can support the opinions of [18, 19] that advise the objective of the joint venture to be critical indicator in performance measurement and the successful establishment of these strategic partners. Most of strategic collaborations have been formed in R&D and modern technology industries [1] . The essential outcome of this collaboration and joint agreements is the transfer of knowhow and knowledge between partners. Selecting the best partner could lead to a sustainable partnership for NPC that improves knowledge capabilities in terms of innovation, product development, intellectual capital, and human resource development. Oil and Gas sectors in Iran are considered high-tech sectors and need further modi cations of the general framework, organized ways, and e cient solutions for establishing joint agreements.
Conclusion and future research
In this paper, we developed a group decision-making model based on AHP, fuzzy linguistic preferences relation (additive and multiplicative) and the most important parameters for establishing a joint venture with National Iranian Petrochemical Company (NPC). These parameters are derived from our survey of previous literature and several interviews with Iranian oil Industry's experts. The proposed approach decreases computational complication in terms of the di erent factors involved in partner selection procedure. Simultaneously, the introduced methodology handles uncertainty and multilayers decision-making by combining e ective building blocks. The contribution of this study is developing a fresh construction for partner selection for international joint ventures and application in a real-life case study in order to present an operational guideline to the petrochemical industries. The method of this study can be used for other industries with some modi cations. This study can be extended by assessing the model by Fuzzy Analytical Network Process approach considering the relationship among criteria and applying sensitivity analysis of estimated coe cient to criteria as well as using parallel teams of decision-makers. Moreover, determining the ownership share of partners with MODM (MultiObjective Decision-Making) approach with the neural network [87] , ranking IJV project delaying factors [88] , ranking the stakeholder(s) involvement challenges in IJV project [89] , and considering market strategy for partner selection [90] can also be proposed for future studies. 
